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rn1 P v np R rTP TTF"« ™ mrTVTr BTWPTWfl ft GENTS 

PTflT iT) T flfl T^vt^ 101 ^ 

5 * This invention relates to processes for the recovery of and 
uses of specific binding agents. 

mn tflPffllMD TH THE INVEHTIQH 

10 The need for assay systems which are faster and more 

efficient has lead to a desire for specific binding agents 
which have higher affinities with respect to a target 
ligand The production and selection of high affinity 
specific binding agents is not technically difficult; this 
can be achieved by hybridoma technology or the use of non- 
mammalian cells such as bacteria which have been modified 
by genetic engineering to express a specific binding 
protein. However, the effective recovery of the specific 
binding agent from the medium (generally a cell culture 
m edium) into which it has been expressed remains an area m 
which there is considerable room for improvement . 

Selective precipitation of the specific binding agent, 
which is normally a protein such as- a'ft . immunoglobulin, 
25 carries the considerable risk that the protein will be 

denatured- and hence the desired = properties of the specific 
binding agent will be reduced or lost altogether. Affinity 
purification, in which the desired specific binding agent 
is selectively adsorbed onto .a solid phase material and 
subsequently eluted, is an alternative . A highly efficient 
way of extracting the desired specific binding agent from 
the cell culture medium is to expose the medium to a solid 
phase, such as a column, onto which is immobilised the 
target ligand against which the specif ic. binding agent has 
been raised. However, this results in the specific binding 
agent becoming very strongly adsorbed onto the solid phase, 
and the elution procedure necessary to recover it involves 
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. extreme conditions such as the use of strong buffers wM k 
again are very lively to damage the senate re e t ^ 
some extent this ris* of damage can be reduced by e mp l ovi L 
on the solid phase an analogue of the tar^r *'^r° yin 9 
is selected .ch t W t ^ %. eiii r b S ^ 
su SC c , ally ■ a££inity ^ the analo ^ ^^^^ 

for the target ligand. As a result the specific bind* 
agent is less strongly adsorbed onto the solL nh * 
the elution conditions retired to relC Z 1? £ 

severe . ' ■ ' ' - ^ • re -Less 

■ » ■ - i ; . r 

The present invention provides' a • 

form. The invention uses the known principle of "..i , 
adsorption o £ the specific binding agent on^o a so ^ a^ 
bearing an Mobilised analogue of the target lil n d 

is achieved by exposing the solid phase to a J, 
containing a second analogue of the ' ' t'arget ligand ^h" 
affinity of the specific binding agent for [he ! 

:::: n c v hich r ^^^c 

agent has been adsorbed is in >u a ^ g 
^inity se d analogue^ 1^^^ 

progressively released from the solid „ ka ■ 

„j Wn- . . m tne solid phase into the medium 

and binds pref erentiaily to the second analogue B v 

choosing appropriate affinities for the fir., , 

analogues, the complex formed between the X^b'T* 

agent and the second analogue will " 

readilv in itself dissociate 

reaany in the presence of the tarer^r- n„ o 

i ■ target ligand and the tamor 

agent. Thus the complex formed between the specif ic 
binding agent and the second anaiogue can be used T 
**amp le in assays intended to detect Le ta^ t 
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the same manner as a conventional uncomplexed specific 
binding agent. Moreover, if desired;' the displacement of 
the second analogue can be used as part of the assay result 
detection system, for example "by having a detectable label 
attached to the second analogue. . 

A further and highly important 'benefit associated with the 
invention is that we have found that the complex formed 
between' the specif ic binding' agent and the second analogue 
greatly assists in maintaining the functional stability of 
the specific binding agent. .The reasons for th;U are not 
fully understood, but possibly this enhanced stability 
arises because the- analogue is occupying the active binding 
site of the specific binding agent and protects this 
critical site against damage. The invention therefore 
provides a very efficient way of recovering high affinity 
specific binding agents and of stabilising such agents 
prior to use . 

In one embodiment, the invention provides a process for 
recovering a specific binding agent possessing high 
affinity for a target ligand, in which process: 

a) a first' medium containing the specific binding 
agent is "contacted with a solid phase bearing 
immobilised thereon a first analogue for the 
target ligand, said specific binding agent 
possessing comparatively low affinity for said 
first analogue ; 

b) following separation of the. solid phase from said 
first medium, said solid phase is contacted with 
a second medium containing a second analogue for 
the target ligand, said specific binding agent 
possessing an intermediate affinity for said 
second analogue, whereby specific binding agent 
which has become bound to said solid phase is 
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preferentially bound to said second analogue and 
hereby leased from said solid phase in the 
form of a complex with said second analogue but 

Preferably the affinity of said specific bindi™ 
for said target li^nd is at lea t Zt TtZT™ 
" r*^ " l8a4C and most P re £ e r abir a r : 

Preferably the affinity of said specific bW 

for said taraet n^, • s P e <=itic banding reagent 

target ligand is at least about 5 an n 
preferably at least about 10 tim^ * 
affinity for said second analogue ^ ^ 

"' ' Exk ™Pl**' bf-specif ic binding agents to whirh -h • 

TO rdC 2' fac or FV fraamenH 1 c=1 - j • 

. - ^gments. Said second analogue can be 

an epitope mimic, i. e a smWn m ^ , 

^" ™— .epitope, of ^ 

As set out in the accompanying example, the invention can 

e trS I -id target ligand 

estradiol or a metabolite thereof, such as estrone 3 
S ucurcnide «,<,, . Specially wh e„ the target l.gand ^ 

ult i rr^r r estrone - preferaMy — 

y 1S estnol glucuronide. Altprn a h^, ol 
-radiol-3-glucuronide can be used as the 

The invention a!so provides a reagent comprising a specific 
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binding agent for a target ligand, said specific binding 
agent being complexed with an analogue of said target 
ligand, the affinity of said specific binding agent for 
said analogue being substantially less than its affinity 
5 for said target ligand such that, when said complex is 

exposed to said target ligand in bindable form (i.e. the 
relevant epitope of the target ligand is free to engage in 
complex formation with the specif ic binding agent), said 
target ligand displaces. said .analogue .from .said complex and 
10 preferentially binds to. said specific binding, agent . 

The following Examples serve merely as illustrations of 
the invention. - 

15 ' EXAMPLES 

Examples 1 to 7 describe the recovery and analysis of a 
monoclonal antibody r (and i$s corresponding c Fv . fragment) 
raised against the steroid: hormone, estr:onfi-3f glueuronide . 
The chemical structure a^. .estrone -3 ; -glucuroQide, 1; and the 
analogues used in t^ese Examples.^ .ape shown in Figure 1. 
Also shown is the extent s to .which the-.analogues cross-react 
with the monoclonal antibody. ; Details, of ; hpw ; .^.generate 
cross -reactivity data are given in Gani et al (1,994) • 



20 



25 



RRTRF DEg CFTPTTON OF THE BRAHIHSS. 



In the accompanying, drawings... Figure 1 depicts structural 
formulae of four metabolites used in the following 
30 examples, namely: 



E2. 



t-vonP heta-D - qT"™'™nide (" Estrone - 3 -glucuronide " ) 



also known as 1 , 3 , 5 [10] -Estratrien-3-ol -17-one 3- 
glucuronide; or 3 -Hydroxy- 1, 3 , 5 [10] -estratrien-17-one 
35 3 -glucronide . 

U: ivh^r^-Ksr-r^Hinl 3- fh»f* -n-al ucuronide ) also known as 
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1, ,5[10]-Estrat:r 1 en-3,17bet:a-diol 3 -glucuronide; or 
3,17beta-Dihyaroxy-i, 3 ,5[l0] -estratriene 3 
glucuronide. 20% Cross Reactive with I. 

111 1 ESL2iiD2 3-^ n -P-rn„nirnni1r). also known as 

•l > 3,5-[lO]- E stratrien-3;i6alpha < l7beta-triol 3 
glucuronide; 'or 3, I6alpha, 17beta-Trihydroxy-l, 3 5 [101 
'estratriene 3-glucuronide. 0 . 7% cross Reactive with 



IV. Esixoaa, a^o known as 1, 3, 5 [10] -Estratrien-3-ol-i7 
> ■ 'one; or 3-^6x^1, 3^5 [10] -estratrien-^^ne 0 ,1 
• ! ' Cross ' Reactive wi'th I. ' * lo 

-Figure 2 .compares-^ specific activities, expressed as 

L b i:r;r. at 45onm ' 

- figure; ■» compares the retention ox specific activity again 
expressed as absorbance at 450 nm, during storage of an 
anybody prepared in accordance with the i!ventTo„ a n d one 
prepared by conventibnar Wans' (see E*a m p!e 7" 

Example 1 

The hydroxy! group on estrone „ as coupied to a 
chromatography mS dium which had been derivatised with epoxv 
groups (Pharmacia ;epcxy SB Sepharose, according to the 
protocol below:- 9 he 



3g.of epoxy 6B Sepharose [Pharmacia] was weighed out 
into a 200ml glass beaker. 200 m is of MilliQ water was 

added, and the gel was left to resuspend for 30 
minutes . 
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ii) 4.3mg of estrone [Sigma] was weighed out into a 
sterile glass universal. This i ,,wa5 dissolved in 5mls 
of HPLC grade dimethyl formamide (DMF) [Aldrich] . 

' 5 iii) The Sepharose was collected, together in a P16 sinta 

glass using a vacuum pump and . flask, car'e being taken 
not to dry out the Sepharose It was then washed with 
a further SOOmls of MilliQ water, followed by lOOmls 
of 85% DMF/15% MilliQ water. C. 

iv) The Sepharose was, carefully, added to the estrone 
solution. Residual Sepharose in the sinta glass was 
washed out with additional 85% DMF in MilliQ. The 
volume in the universal ^ was .-.th^ncjincreaseci^ to 2 Sfnls 

15 ■ with 85% DMF in MilliQ- : t n . ! ;o 

v) 7/il of 10M NaOH was added to the solution and the pH 
checked using a glass pH probe to confirm that the pH 
was 13+. _ t<( . .j ^ F 1 : 

20 r . ,', t- • 

vi) The glass universal was then placed-in a 45°C incubator 
with slow rotation for at least 16 hours. 

vii) The Sepharose was again collected with a P16 sinta 
25 glass and was.hed with v 200ml of 85%. DMF . in MilliQ, 

followed by 400mls of PBS. 

viii) The Sepharose was . packed . in a. C16 column [Pharmacia] 
and stored at 4°C until required. . 
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Example 2 

Rprnvprv of a monoclona l antibody (MAB) Spec i f i c tOX. 

fistrone-Valnriir nTiidp from cultured media 

Hybridoma cells producing a monoclonal antibody (MAB) 
specific for estrone-glucuronide were grown up in culture 
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medium according Co standard techniques. This £„„ , u 
was darified by centrifugation ^then a^pUed t 1 
estrone affinity column prepared in Example a 
pro e ln was removed by washln3 the - «^ nd 

buffered saline (0.01M N a,HPO. - Na„ iP o./o. 15M Na « p^ 
Bound MAB was desorbed with lOmls of an , w» , 

o £ ^ 01 . 51 ^ onide in P hosphat e -; U f o e r r L:; 1 ";:: 

recovered h» was passed down a g el filtration co^' (G !" 5 
Sephadex, Pharmacia) to remove excess lie"™ 

estradiol-glucuronide. This or 

•t « ...i , • . .: • : : .. * nis procedure would not- Ko 

expected to remove estradioiLglucuronide that was Z * 
the MBA. cnat was bo "nd to 

nr. .... .,■,„. 

Petflrminrn-ion v,f m ,e -^ jvii-^ k y Ff i.Tfn 

i) Microtitre plates were ' sensitised with estrone- 
g ucuroide by incubating wells with a 2 „ g/ml S olu „ 
of an ovalbumin/estrone -glucuronide conjugate i„ 
carbonate buffer' (0 .2M N^cd./NaHdo, , pH 6 
^s.t.sation was bverhight at iVc. Instructions on 
Kow t o synthesis* protein/steroid conjugates are l ,12 
m Gam et al (1994) . 91ven 

ii> Sensitised plates were aspirated and rinsed three 
imes „ lth pbst (Phosphate-buffered saline containing 

•J"* - Ween 20 <Si3ma)1 - "^-containing samples werl 
d luted , PBST and then appUed to sensitised piate 
at a range of dilutions. Each piate was incubated for 
1 hour at room temperature. 

iii) Plates were washed with PBST as above, and then 
incubated with a 1/ 10 00 dilution of a goat antl 
mouse/al*aline phosphatase conjugate (Zym e d) f o r \" 

hour at room temperature. 
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iv) Plates were washed' with PBST and then incubated with 
a lmg/ml solution of para- nit rophenolphosphate (Sigma) 
made up in substrate buffer (50mM diethylamine ; pH 
'9.8, with lmM MgCl 2 V. Plates were incubated at room 
5 temperature until colour development had occurred 

(usualy about 1 hour) . Signal was measured at 405nm. 

10 ^ n p-^™ nf snerifir ^fiviH^ of different MAB 
pr <a pf rat " ions 

A MAB preparation, which had been affinity-purified 
according to the invention (as described in Example 2) , had 
15 its specific activity .compared with . that of four MAB 

batches which had been purified by conventional technology, 
i.e. on a protein A column Coding (1980) and Hale et al 
(1994) . . . . , ; . ' 

20 ' ' Each MAB preparations was , diluted out to a range of 
concentrations (as determined by optical density at 280nm - 
" taking an extinction coefficient^ of 1,4) and then analysed 
by the protocol described i,n Example 3 . 

25 Specific activity (the activity per unit of protein) is 

given by the steepness of the curves in Figure 2. It is 
clear that the MAB preparation purified, according to the 
invention (line E in Figure 2) has a higher specific 
activity than the four preparations purified by 
-30 conventional technology (lines A to D) . 

Rvample 5 



35 gi^nt-oni d - fr™ ^"T"rpd med i a 

An Fv specific for estrone-glucuronide and tagged at the C- 
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H * " ! * Chai " UUh th — peptide was produced 
' aCCOrdi "' t ° th <= "ethod of ward et al ( 1989) 

This feedstock was clarified by centrifugation and then 
passing through an 0 :2 „m filter ' unit ^ £ 
clarrfred feedstock was applied to an estrone affinity 
coin™ as described in Exampie !, . Unbound Pv was removed 
by washing the column with phosphate-buffered saUne 
Bound pv „as eluted with iOmls of an 0. 2mg/ml so lution If 
estrol giucuronide (made up in phosphate-buffered saline) 

(0-2 SSephadex P harmacia > to remove excess (i.e. unboundf 
^estrrol glucuronideV; This procedure would not be e^c e 
to remove estriol glucuronide which had bound to the Pv 

ThiJ-experW-was repeated with the same volume of the 
same Pv-containing feedstock. this time, bound Pv was 
eluted with a conventional buffer for removing Pv from 
affinity columns, p „ 2 buffer as described in king et Z 

Eacancifliifi. ,J - jV; - r 
DetfirminaHon nf v T nrr j v ^ y Ky 

Microtitre plates were sensitised with estrone- 
glucuronide- by incubating wells with a 2 M g/ml 
solution of an ovaibumin/estrone-glucuronide conjugate 
-ade up in carbonate buffer, pH 9.6. Sensitisation 
was overnight at 3 7°c. 

Sensitised plates were aspirated and rinsed three 
tames with PBST [Phosphate buffered saline containing 
0 .15. Tween 20 (Sigma, ] . Fv-containing sam pl es were 
diluted ln PBST and then applied to sensitised plates 
at a range of dilutions. The plate was incubated for 
1 hour at room temperature. 



i) 



ii) 
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iv) 



iii) Plates were washed with PBST as above and then 
incubated with a 2.6 M g/ml solution of anti-myc MAB 
made up in PBST, as described in Ward et al (1989) . 
Plates were incubated for 1 hour at room temperature . 

Plates were washed : with PBST and then iiicubated with 
a 1/1000 dilution of ajiti -mouse/alkaline phosphatase 
conjugate (Zymed) for 1 hour at room temperature . 

10 v) Plates^ were washed wit ti |BST. and then incubated with 

a lmg/ml solution of pa^-^rophenolphosphate (Sigma) 
made up in substra| 'bulfer J50mM diethylamine , pH 
9.8, lmM MgCl 2 ) Plates were incubated at room 
temperature until colour development had. occurred 

15 (usually about 1 hour) f Signal was measured at 405nm. 

Example 7 , .^..i- - 

- mmri - n ~< ^ ^Hvirv and arahiliry "f Fv produced ^ 
r|r rr ^ nH ^y ~f i-h* 1 1 i'ii i nrinn with Mint of FY proved by 
^nnvpnti^nsil mffans 

The activity of Fv prepared by elution with estriol 
glucuronide was compared with Fv eluted with P H2 buffer. 
This was done by analysing the two preparations (made m 
Example 5) with the assay procedure described in Example 6. 

The stability of these two.! fractions ; was also compared by 
storing aliquots of each preparation at 4°C and at 37°C. It 
was assumed that the Fv was . stable at 4°C and that any 
inactivation at 37°C would be measured relative to this 
base-line. The risk of bacterial contamination was 
minimised by sterile-filtering each aliquot prior to 
storage and taking a fresh aliquot for each analyses. 

The results after 18 days of storage are shown in Figure 3. 
Specific activity is shown at various dilutions. Line A is 
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the analogue -eluted Fv reaqent of t-h* ■ 

. 9 c ot tne invention after is 

days storage at 4°C, and line B after 18 . 
■3 70/-. T . aicer 18 days storage at 

37 C. Llnea c and D show the activity of the same £ 
reagent produced by elation with pH 2 buffer, again aftll 
. crage for I8 ^ « 4 * dine c, and 3rc (1 ine m 

™ tid" Pr ° dUCed ^ aCC ° rdanCe ^ 
is everal-fold m ore active and that it is also .ore stable 



at 3 7°C. 



! MVGahi^ e t al (^y:^,^ 
48. No 2/3 p277-282 ' . - n " l " Vo1 . 

; J w 'coding ; (l980) tnimnno ffrrtifrta. 39 psas^os 

D J King et al (1993, BiOcheni , T . 290 P 723-729 
E s W et al (1989) fei^ 341, p 544-546 
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CLAIMS 

1. A process for recovering a. specific binding agent 
possessing high affinity for a target ligand,. in which 
process : 

a) a first medium containing the specific binding 
agent is contacted with a solid phase bearing 
immobilised thereon a first analogue for the 
target ligand, said specific binding agent 
possessing .comparatively low affinity for said 
first analogue; - n - ;.- 



b) 



following separation of the solid phase from said 
first' medium, ' said solid phase is contacted with 
a second .medium, containing a second .analogue for 
the target ligand, said specific binding agent 
possessing an intermediate , affinity for said 
second analogue, whereby specific binding agent 
which has become bound to said solid phase is 
preferentially bound to said second analogue and 
thereby released from said solid phase in the 
form of a complex with said second analogue, but 
from which complex said second analogue can be 
displaced by exposure to said target ligand in 
bindable form. 

2. A process according to claim 1, wherein the affinity 
of said specific binding reagent for said target ligand is 
at least about 5 times, preferably at least about 10 times 
and more preferably at least about 100 times, greater than 
its affinity for said first analyte. 

3. A process according to claim 1 or claim 2, wherein the 
affinity of said specific binding reagent for said target 
ligand is at least about 5 times, preferably at least about 
10 times, greater than its affinity for said second analogue. 
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4 . A 



process according to any one of the preceding 
claims, wherein said specific binding agent is an antibody 
or antibody fragment . 

5 • A process according to any one of the preceding 
claxms, wherein said second analogue is, an epitope mimic. 

6. A process according to any one of the preceding 
claims, wherein said target ligand jis estradiol or a 
metabolite thereof, especially estrone- 3 -glucuronide ; (E3G) . 

7- A process according to claim 6, wherein said target 
ligand is f E3G and said first analogue is* estrone. ' 

8 A process according to claim 7, wherein said second 
analogue; is estriol-3-glucuronide or estradid-3 - 

glucuroniSe. 

9. A reagent comprising a specific binding agent for a 
target ligand, ; said -specific binding agent being complexed 
with an analogue of ' said target ligand, the affinity of 
said specific binding agent for said analogue being 
substantially less than its affinity for said target ligand 
such that, when said complex is exposed to said target 
ligand in bindable form, said target ligand displaces said 
analogue from said complex and preferentially binds to said 
specific binding agent. 

10. A reagent comprising an anti-E3G antibody or anti-E3G 
antibody fragment, complexed with estriol-3 -glucuronide or 
estradiol -3-glucuronide . 
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Fig.2. 




SAMPLE DILUTION 



SUBSTITUTE SHEET (RULE 26) 



